We evaluate the use of a portable and non-invasive technology based on visible and near infrared (vis/NIR) spectroscopy (Cherry-Meter) for monitoring fruit maturity parameters and anthocyanins in two highbush blueberry (Vaccinium corymbosum L.) cultivars (Misty and Sharpblue). This device measures an Index of Absorbance Difference (I AD ), which showed high correlations with fruit quality parameters in other fruit crops. We found positive but differential correlations between I AD values and fruit anthocyanins, which was higher for Misty (r = 0.970, p≤0.01) than for Sharpblue (r = 0.714, p>0.05). Interestingly, Cherry-Meter measurements were also correlated with solid soluble concentrations (r = 0.685, p≤0.01) and fruit firmness (r = -0.714, p≤0.01), but only in Sharpblue. For both cultivars, I AD values were also significantly (p≤0.01) related with fruit FW (0.447 for Sharpblue and 0.559 for Misty). The High Performance Liquid Chromatography (HPLC) data indicated that I AD variations were associated with significant changes in single berry anthocyanidins levels. These findings are the first approach, highlighting the potentialities of Cherry-Meter for the non-destructive assessment of fruit maturity and anthocyanidin profile in blueberries.
Introduction
Worldwide highbush blueberry (Vaccinium corymbosum L.) production and consumption has significantly augmented in the recent years (Lindberg et al., 2014) . The main reason for this success is the remarkable human health benefits of blueberries, including high contents of vitamins and minerals, low calories, and a noticeable antioxidant capacity for anti-aging and degenerative disease prevention (Giongo et al., 2011) . The antioxidant properties of blueberries are mostly explained by its great levels of anthocyanins (Ehlenfeldt and Prior, 2001 ).
Several agronomic and physiological factors can
influence blueberry quality and phenolic content and composition (Yañez et al., 2015) .
Maturity at harvest considerably determine the quality and postharvest-life potential of fruits (Kader, 1999) .
Fruit maturity heterogeneity difficult the estimation of the optimal harvest start date which is a concern for the fresh fruit supply chain and a crucial aspect to ensure suitable exporting procedures (Infante, 2012) .
Nowadays, the visual analysis of skin blue color is recognized as one of the most important maturity index used for blueberry fruits (Leiva-Valenzuela et al., 2013) , which can result in inadequate homogeneity at harvest. The blue color in blueberries skin is a highly complex attribute, which is mainly function of the accumulation of anthocyanins (Ehlenfeldt and Prior, 2001 ), the distribution of individual anthocyanins, and the formation of metal complexes of anthocyanins (Harborne, 1976) . Nonetheless, the human eye is not capable to sort accurately mature fruit deriving in a high heterogeneity of harvested fruits (Ziosi et al., 2008; Leiva-Valenzuela et al., 2013) .
Few years ago, extensive research has been focused on the development of non-destructive techniques for evaluating fruit ripening (Ziosi et al., 2008; Guidetti et al. 2009; Infante et al., 2011; Bonora et al., 2013 Bonora et al., , 2014 Bonora et al., , 2015 . In this way, some technologies operating on visible and near infrared (vis/NIR) spectroscopy can allow checking in real-time the ripening progress of fruits (Bonora et al., 2013) , monitoring the physiological changes of a great number of fruits with a high precision. Interestingly, reflectance-spectroscopy-based techniques have been successfully used for the detection of anthocyanins in fruits including grape clusters (Tuccio et al., 2011) .
Despite the interesting advances about this topic, the use of vis/NIR spectrophotometry to non-destructively for the in-situ estimation of blueberry fruit maturity and quality has been scarcely explored (Guidetti et al., 2009 (Ziosi et al., 2008; Bonora et al., 2013 Bonora et al., , 2014 Nagpala et al. 2013) . The I AD has been recognized as a potential suitable harvest index to in-situ monitoring fruit maturation in some cultivars of peaches (Bonora et al., 2013 (Bonora et al., , 2014 (Bonora et al., , 2015 , plums (Infante et al., 2011) , and apples (Nyasordzi et al., 2013) , among others fruit species. Lately, this device has been recently tested for the prediction of cherry maturity through the estimation of fruit skin anthocyanin, with very promising results (Nagpala et al., 2013) .
The aim of this work was to study the relationship among I AD measurements and some maturity parameters and anthocyanins in blueberry fruits at harvest, in order to pre-validate the use of this device as a non-invasive tool to predict the fruit harvest date in this fruit species. Ribera-Fonseca et al.
Materials and Methods

Experimental procedure and fruit sampling
The study was conducted in a commercial organic farm ) and zinc (27 g ha 
Non-destructive analysis of fruits: Cherry-Meter data acquisition
In order anthocyanins (Nagpala et al., 2013) .
In all cases, I AD data were obtained by taking almost two measurements on the center of each fruit and reading the average value on the instrument screen. Assessment of bueberry fruit maturity and anthocyanins by a vis/NIR device by using TPA, the samples were deformed to 30% of the original height using a crosshead speed of 0.8 mm s −1 and a 35 mm diameter cylinder stainless flat probe. Each sample was subjected to a two-cycle compression with 10 s between cycles. All these analyses were carried out in the same fruits previously evaluated through Cherry-Meter measurements.
Total anthocyanin spectrophotometric determination
To obtain the anthocyanin extract, samples of 0.1 g of whole fruits, skin or pulp were extracted with 1 
Statistical analysis
Results were assessed by one-way ANOVA using 
Result and Discussion
Here, we test a portable technique based on vis/NIR spectroscopy, measuring an Index of Absorbance Difference (I AD ) (Cherry Meter), to estimate both anthocyanin concentrations and composition, and some quality parameters frequently used to assess fruit maturity and quality in blueberries.
According to our results, the statistical data analysis of the ANTH concentration of blueberries fruits from the different I AD sub-classes, confirmed the identification of three major I AD classes for each blueberry cultivar (Figure 2 ), which exhibited differential fruit SSC and FW (Table 2) .
Interestingly, in the present work we found that, inside the I AD sub-classes, spectroscopic data and ANTH concentrations showed significant and positive correlations, which was higher for cv. Misty (r = 0.970, p≤0.01) compared to cv. Sharpblue (r = 0.714, p≤0.05) ( Table 3 ). Some related works have
shown that non-destructive technologies based on vis/NIR spectrometry can be useful to estimate the ANTH concentration in several fruit species, including V. corymbosum (Guidetti et al., 2009) ,
Vitis vinifera (Tuccio et al., 2011; Giovenzana et al., 2014) , and Prunus avium (Nagpala et al., 2013) . It is noteworthy that blueberry healthy or It is important to point out that, for both cultivars, the relationship between I AD data and SSC was even lower than those detected between I AD and ANTH concentration (Table 3) . Moreover, inside the I AD sub-classes, blueberries ANTH concentrations and SSC exhibited positive correlations, which was significant (p≤0.05) for cv. Sharpblue (r = 0.786)
but not for cv. Misty. In grapevine berries it has been shown that the synthesis of anthocyanins is stimulated by sugars (Hiratsuka et al., 2001) , mostly in the initial phase of fruit maturation when ANTH and SSC are strongly correlated. However, in the last ripening phase, the accumulation of anthocyanins and soluble solids in grapes can be uncoupled (Guidoni et al., 2008) . Our findings also revealed that I AD values showed significant correlations with fruit FW in both blueberry cultivars (Table 3 ). In agreement with this observation, Bonora et al. (2014) found that I AD data detected by using DA-Meter device and fruit diameter were highly related in nectarines, which allowed accurate predictions of fruit yield. and elasticity (r = -0.658, p≤0.01), but only for cv.
Sharpblue (Table 3 and cv. Sharpblue. Delph: delphinidin; Cyan: cyanidin; Pet: petunidin; Pelarg: pelargonidin; Peo: peonidin; Malv: malvidin 3-glucoside. Upper-case letters indicate significant differences among I AD classes for the same molecule, whereas lower-case letter indicate significant differences among different molecules for the same I AD class.
Conclusions
Our data shown for the first time that the Cherry-Meter device could be considered as a potential portable instrument used to predict the maturity and health properties of blueberry fruits in a non-destructive way. When used at advanced maturation stages, 
